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stract;   ^Q article presents theoretical principles for calcu- 
lating the vibration period of clock escapeiaent regulators 
without natural vibrations, taking into account the effect of 
dynociic factors on the  mcnitude of the period.    The fornalas 
obtained contribute to  an understanding of certain laws govern- 
ing the operation of these rusulators (slisht dependanco of 
the balance's vibration ran^o upon the raorcent  of the motive 
force,  the noclisible  influence of sreat  chants in the moraent 
of inertia of the train upon the raasnitude of the vibration 
period etc.) and raay be  useful in the desigiing of dockvjorks 
and the calculation of vibration periods. 



CERTAIN EROBmiS IN TaZ DYIC^.IICS  OP ESCAPE- 
,fT2NT RISULATORS WITHOUT ICTURAL VIBRATIONS 

0? TiiS BAIANCS 

ThG articls sots xortii  tho  principles  of 
the theory for calcalatinc the vrbration period 
of regulators without natural vibra tions,  taking 
into account thr; effect of dynamic factors on 
the mgnitude of the period.    The  dependences 
here obtained contribute to an understanding of 
the laus coverning "the operation of these regu.- 
lators and nay be of use in designing and ana- 
lyzing then. 

Various branches of present-day engineering malre ex- 
tensive application of slnplified clockwork using regulators 
without natural vibrations  (Figure   1), 

Vibrations  of the balance in systeas with such regu- 
lators take place exclusively by virtue  of the  interaction 
of the teeth of the  escape wheel with pallets of one  form or 
another,  situatod icnediatoly on tho balance or on a  sepa- 
rate anchor rigidly connected with the axis of the balance. 
In character these vibrations are discontinuous auto-oscilla- 
tions, 

A balance has no fixed equilibrium position.    There- 
fore, amplitude is in si^iificant measure an arbitrary par an- 
eter here, depending on where one's reckoning starts. 

Only the double amplitude (range of vibrations) of 
the balance is completely definite.    It is equal to a com- 
plete angle of rotation of the balance in one  direction and 
if the magnitude of amplitude has to be established,  it can 
be deemed equal to half this angle. 



Figure 1,    Dia^raus of reculu^jrs with pin 
pallets and  flat palletj 

The vibration ranee 
exceed 15-20°. 

or "balance ordinarily" doe a not 

The chief paraaetor of the regulators here under con- 
sideration ic tha vibration period.     Tor a 
not subject to the action of any rosuorinc 
of motions parförraoö by tlie  Glance between tvo 

talance viiich is 
force the  cycle 

id,1a cent 
The 
The 

identical  positions  is said to bo a  corroleta vibration, 
vibration period deterninas the  duration of this cycle, 
raa^nitade of the balance's vibration period  depends consider- 
ably upon the  angular  Q&uiontun on the escape \ueel. 

The theory here proposed  fDr determining a balanced 
vibration peilod  and an-lcw of rotation  is based on the con- 
cept of impulse  angles clcpondin^ not only on the design of 
the  escapement, but alco upon moments  of inertia of   the bal- 
ance and the  entire whoelworl: transmission, as v;ell as the cor- 
relations bet'.veon moments on the anchor and the escape v^ieel 
during impulses, and upon a number of other facto is.     It also 
contains a method for finding the period, and  Hindamantal an- 
gles with  correction for the effect of the impacts  of the 
teeth of the  escape v;heel with the pallets on their contact 
at the beginning of each impulse; 

By taking these factors into account, wo can explain 
certain laws, here noted in practice,  ^overnins the operation 
of these regulators: 
vibration range upon 

the slight dependence of the balanced 
tha moment of the motive force;   the 



neglisible influence of great changes in the moment of inertia 
of the train upon the magnitude of the vibration period; etc. 

The  formulas obtained here make it possible to assess 
the role of dynamic factors in the operation of regulators 
without natural vibrations and to make a more valid selection 
of design parameters in the design and planning of clockwork, 
as well as to obtain more accurate results in the calculation 
of vibration periods. 

Positions of the Contact Points of Balance and Escape Wheel 

In the vibrational steady state the  pallets of the 
balance meet with the teeth of the escape wheel at strictly 
defined points, the positions of which on each pallet serve 
as the reference point for the angles of rotation of the 
balance during the operation of the regulator. 

In order to find the angular coordinates of the ele- 
ments of an escapement during contact, let us examine the 
free rotation of the balance and wheel (Figures 2 and 3), 

The beginning of free rotation coincides with the end 
of an impulse,  and the position of the escape wheel and tht 
balance at this moment is established by the appropriate plot- 
ting or calculation. 

Part of the angle of free rotation   ß    , which we 
shall designate /j        , will .be traversed by the wheel; the 

'     C K 
other part, which v© shall designate p' , will be trav- 
ersed by the balance. Thus, täie angle of free rotation of 
the balance is 

?c6=?c-p«. (1) 

[Translator's Note]:    The subscripts here and here- 
inafter are Russian letters,   A summary list of sym- 
bols with Russian-letter subscripts — together with 
expansion, translation and notation of first occur- 
rence — is ^Lven below at   pages 22-24, 

The second condition for finding läie angles /J and  ^0k 

is that the time during which, the balance and the escape 
vfiieel are in motion without contact is identical and can be 



found not only from the equation of balance rotation but also 
from ttie equation of v/neel rotation. 

These equations hare the form 

/fU/W6 + AfT»0, (2) 

/t'ci-Mt + MxC = 0, (3) 

where   ß     and   c\    are the current ancles of rotation of the 
"balance and  the escape  vheel; 

I     and    I     are respectively the noraont c£ inertia of 
*    the  Tjalance and that  of the wheel trans- 

mission reduced to  the axis of the  escape 
xh ee 1; 

Mg   and MA.g    are respectively tiie momentum acting upon 
the "balance,  and the EDtoantun from the 
balance acting upon the escape \vheel; 

Mj     is the angular momentum on the  axis of 
the escape «heel; 

l%2     is the friction torque on the   pivots of 
the balance. 

In impulse sectors elements of the raotion of liie bal- 
ance and the "escape wheel are fbund by comon solution of 
these equations, *Durinc f^ee rotation the  equations are 
solved separately with moments   IIg   and U^r   equaling zero 
in this case. 

Since  in order to determine free-rotation time we must 
Imow tho velocity of the balance  and wheel at the end of the 
impulse,  let   us turn our attention to the comcon solution of 
equations  (2) and   (2). 

If we  say that 

we shall obtain 



FiGiire 2,    Diasram  fbr deterajnation  of ancles 
of free rotation in case of pin pallets. 

Cl^ranslato^s Note]:    The Rassian  subscript "o" 
refers to tiiQ "balance, "x" to the escape vdieel. 
For symbols with oth a? Ras si an-letter subscripts 
see summary list bei or; at pages 22-24, 

In view of the relative amallness of tho  impulse angles 
for the regulators here under  consideration, vie shall assume 
Cl] 

(4) 

If in view of its poor variability throu^oat an 
impulse we replace  f iß )    with mean value 

'    ?(?)cp = /f. 

Key:    cp =* mean 

5 



we äiall obtain the  f&llov.lnc equation of motion for the 
"bale no e-es cape wheel" systea 

/th-Mtk + My^Q, (5) 
v,here / -/-  /«* h " if —j— (6) 

Is the reduced mouont of inertia  of tho balance. 

If we assuca the velocity of -üie balance at the becin« 
nine of the  Inpulse GQ-erally to be  terminal velocity cwinc 
to post-impact reflection and equal to V^Q, and   if wo inte- 
grate (5), wa  shall find its velocity at the end of the im- 
pulse 

(■) 

where   fiH   is ancle  of rolation of the balance during an 
impulse. 

If we then consider free rotation and integrate equa- 
tions (3) and (S) separately, we äiall obtain expressions of 
the time  of free notion, 

Krom (2)  given IL > 0 

Given A1T = 0 
t — |'c''', c     "v.. ' (9) 

Il^rom (3), given velocity  of the escape wheel at the 
end of the  impulse   g„   t 

■ ^-kiYnr *<* + %-**)> (10) 
it being given "ßiat 

^-7^-17' (JO) 



where  f^ and   Ftn     aro the distances from the conters of the 
escape wheel and tiio "balance to tho ceneral normal to the 
BUT fa cos of the  irnpuLses of the tooth and pallet at  tiie momont 
when impulse transmission ceases, and    a        is the angle of 

CK 
free rotation  of tho  escape wheel. 

Let us estatlieh  the relation between an^le of rotation 
of wheel <>- and an jilar displacement  of impulse surface of 
tooth relative to axis of "balance ß , 

From Figure Z for  esoapenDnt with pin pallets, if we 
disregard the  curvature  of arcs AB and AA*  in vi-u of the 
sojllness of the ant'l^s of free rotation of   Hie  "balance and 
the wheel,  in oonsiderinc a ABA' we shall have 

Item SO,OoA 
n«n—(V+Y), 

where 
•; = -s '■; v = R — o; o = r. — arc cus - 

L*~W~rl 

[ Tran sla tor 's No te ]:    The  cub s cri p t " o " r ef er s t o 
the balance. 

Angles   A ,   y    and 6   do not   depend on  the  position of the 
escapement and  that  is viiy ar^le  h  reLiains unchanged during 
free motion.    Consequently,  if we rewrite  ('•")  in the form 

*~D*, (12) /•ftsinj* 

coefficient D will be constant and the sought relation be- 
tween angles  c\ and ß   will bo linear. 

If we reason similarly with reference to  a balance 
with flat  pallets on tho anchor,  it  is easy to prove  tiie 
correctness of dependence  (12) in  this case too, but angles 

Y   and   ^     are more simply taken directly from Hie 
sketctL of the escape cent   (Figure  3), 



FiQxro 3,    Dia^rsL for deternination of angles 
of free rotation for flat pallets 

[translator^ Note]:    The Russian  aibsoript  "6" 
refers to öhe "balance,  "x" to the escape v;heel. 
For symtols with, other Russian-letter subscripts 
see suninary list "below at paces 22-24, 

If we substitute   c\ Qsi — äiü     into   (10),  if we CK 

replace ^M     by ^M    (11) and ß        by ß 
Oi\ Co 

in accordance 

with  (1), and  if v;e equate expressions (8)  and   (10)  given 
lij, > 0, we shall obtain 

£(' -/^f^) =Ä[/f7>.-W+l-ll. 03) 

8 



11* wo equate  (9) and  (10) ^iven !I   — 0, with allowanoe 

i'or  12IQ feet that 

pw — rco   i   /HI (14) 

where .3 Q (PigurQ 2)  is the  an^lo determining the i-osition on 

the pallet at ths tG^innin^ of free rotation and,  flirther, 
with allowance for the   fact that, civ en I.Ij =0   end '1:5 Q» 0, 
from (7) 

/"TV ^ = j/ - sK /A/; (15) 

wo shall have 

2/x(fU-rrO/' 
/ö'« 

'ö ''K ll'C .'Ci')) 

4-1-1 Co; 

From the last aouation it  can be sean  that  in the ab- 
sence of  friction on the  pivots of the balance and  in the   ab- 
sence of balance repercvisaion airing impacts with the wheel 
the position of tlie   contact point a  of balance and asoape 
wheel and, conseciu-ently,   tiie :.utjnitudü of ti:.e   taLince's ampli- 
tude of viarationa will not he dependent upon the i^a^nitudo of 
the  angular no men turn on  the  escape wheel. 

N, !>;, Baatin  [Ej also   arrived at the  sar..e ccaelusion, 
usin^; for his investigation the method  of point transforma- 
tions on a phase plane. 

The friction on balance  pivots and  tho velocities of 
the "balance at the  Lejinnia^ of impulses '■..'Q    art) usually 
small.    Therefore we  can  consider  the clove-indicated law 
to  bo characteristic in oi^iificant measure of all regulators 
of  tho type here under study. 

If we solve   (16)  relative to   p,(  , we shall obtain 

the following expression for  impulse an^le 



where JC, 

Cl = Da + 4D + 4/((;   C2 = 2(Dat0 + 2D-i{i + 2iti% + 2iH}0)- 

*» re 

In fomila (17)  only a plus stands in front of the root 
since, given /3 0 « 0   and    C3 = 0,    ^^    cannot eoual zero. 

Operational Regime of Regulators ulth Al lev; a no e for Impacts 

Depending on liie  cocbination of different balanco and 
escape-wheel parameters affecting inpact results (na^nitudes 
of monients  of inertia, mechanical properties of naterials, 
design factors etc.),  the   fbllouing post-irapact states can 
"be observed in regulators without natural vibrations after 
contact of the escape-wheel tooth with the pallet: 

1) Withdrawal (recoil) of the wheel ana rotation of the 
"balance without reversal; 

2) Recoil of the balance and wheel in opposite direc- 
tions from the contact point; 

3) Rotation of the vheel without reversal, and recoil 
of the balance, 

As we enter upon a determination of the vibration pe- 
riod, we muct establish the character of the operational 
regime  [See Note] diaracteristic of a regulator with partic- 
ular parameters.    For this  purpose the magnitudes and direc- 
tions of the post-impact velocities of balance and escape 
wheel may serve as criteria. 

[Note]:    In principle different reeimas may arise on 
each of the pallets. 

Let us find the expressions determining these veloci- 
ties. 

Let the balance and wheel at the moment of contact have 
velocities of 4'    oad   ;> v respectively, and after impact    y 
and    ^ TS    respectively.    Let us designate the distances from 
axes of rotation to impact line (Figure 4)     Fc     and     f    , 

10 



and tlhe total  linear vtlo-iiy or tin  colliding points at tiio 
and Ox  tiia   £irst  pte^o  of ii::ract    U  . 

1  ..SV 

1 
V 

Y ' 

\ 

Xey: 

PiQire 4,    DiajL'a:.. üiJ "pallot-tooth"  L-nnct, 

CTrariSlatc-r'a Koto]:    The Russian suoccript  "a" 
refer3 to the  TDulLnao,   ;;.z:i to tlia o^^apo wheel, 
For synbols v;ith othor Rue-sian-iottcr  cu/becripta 
t;ee sunrrury   list 'belcv; at pages 22-2^1, 

1,    Lino  or   iiapact 

Lot u;3 tails  ccarr: ^rolocliwiG o rotation aa   pa itive   di- 
rection.    I'Lten in  me  fir^t   of tr.e alove-indicated cases  of 
regulator  operation v;a  shall obtain the   follasin^; pattern 
of velocity transformation on ir.poct: 

v: :-„ — 0' "• - "Vn ?«; 

■\ .'x -" ur* -B?V 

(IS' 

If we asai-me the   inpaot of tooth aßainat  pallet to be 
elastic,  in the  fir at  phise of  impact {equalization  of veloc- 
ities) we shall have 

11 



For the second phase (restoiutlon of velocities) 

It we eliminate fro a these equations first- and  second-phase 
impulses   S,    and    S      and velocity    U , we shall obtain 

Vu = («v T «0) -7- -;;-1 — Vy (19) 

If we introduce coefficient  of restitution of inpa ct velocity 

and by means thereof eliminate   £ -,    in (20), v;e shall find 
post-impact velocity  of the "balance 

/ ___.    (21) 
1 + -.- i* 

According  to the  data of F. V. Droadov [3], K ~ 0,5 to 
0,6#    If v«  laiow    ¥-a 9    "fo6 post-impact velocity of the 
escape vjheel can he computed according to   the formula 

5u=(',!'.4-,?y)7j/-!y. _ (22) 

12 



~na losous x_>ressio!'ls for i> B and _s· B are obtained 

also from a consi~ -r.:~tion of i_.;act on ~o discharging pallet • 

. It +' B O!' ) . , c ~.:. to?. ' accord ·ng to {21) and (22), 

turn out to be no~ tiv e, tl~ · 
escape 'neel ·will not re co · 1 _ 
sw:ned above, but vJi ll .tee ep o 

~i~l -~ sn t hr t t ha balance or 
m t e c:o ntact point as as­

ov_n·· 1 n the pre- inpa ct dirac-
tion. 

In establisb.in& the opor~tional - egi me of a regulator, 
or the beginnine of !l!l i ;rpul.. .. , or initi "' l v-=:locity of a bala~ ··~ 
according to the v ol oc it ia s 1 B a n' ; 13 far :Jhic _ no gni-

tu.de and directio are A.11o .,r l. rJe can be ouided oy tJ1e :':'o llo-.v­
ing ccnsi derations (See NoteJ: 

[Note]: Let · s cl'. sro ur any pos sibl e Si.lbs, .. L· an t im­
pacts since thsy play no si--ni ::: ica::t role in compe.r.i.son with 
the tirst one. 

];. If ~) B < 0 ~.n.' .~ B > 0 ~ i :.-r1pg.ct does rx>t reverse 

tlla rotation of t!1 bal ... !"' c J , J. cause s a t'Jithdr~HJal (recoil) 
ot the escape t·;.heel . ~\ft :~ t.·1- " C!G l ' of' departure is !liSSad, 
1/J 0 = o. 

Tb.e angle ot depar~:ur e !. s found :frou the circUlJStance 
that the po :;,'t-imp~ ct kinetic n · r ·y oi: t.~e 'Jh .el equals the 
\"JOrk of the angula r- mo Cientum a~ this ant;·1 e, wrLich yields 

I - 2 
" ·- K ' ~ "o1---

'2M.l. (23) 

L.ey: OT [o t~'1od; depar~e] 

The additions 1 ancle of ro trJ. tion of the balance durine 
vJi t hdra wal ot the •:he el in this ca so is 

(24) 

I-::ey: O ~:l [otkt.iPd; Withtb:avval, departu.re] 

. and the eOmJ?late irnllllse angle is 



i*.. = %(, T % -f ?ot • (25) 

2, Given   O» _ > 0   and    ^ _ >0, on-inpact reflection 

of "botii balance and vdioel takes place.    The  latter, having 
certain energy due to the magnitude of velocity    | -, initially 
withdraws at a certain ar^le  (23) and then rotates,  catching up 
with the pallet» 

The extretie  position assumed by the oscape wheel on 
withdrawal can also "be considered as the be^Lnning of an im- 
pulse in this particular instance.    The initial velocity of 
the balance must be taken appro :d mat el y as   "U^^ ys . 

3, If   ^.i > 0    and  £   ^ < 0,  only the balance will re- 
coil from the impact point.    The  position of the  parts of the 
escapement will correspond to  the beginning of the impulse, 

The most frequently encountered regima  characteristic 
of    I >IX    is the  first. 

Erom (21), (22) it can bo seen that in order to oonpite 
Ci'TJ and ^2 » v;e r211s't ^GW ^s pre-irapact velocities of bal- 
ance and escape wheel   U-'      and k       viiich,  in their turn, do- T y " y 
pend on   y       and    § .    and the  impiloa ancles with corroction 

for the effect of impacts. 

^ v an<i S v can ^ 0liminate<i fror:1 (21)» (22), How- 
ever,  in this case,  complc;: biquadratic equations  are  obtained. 

In practice it is more practical to find   (y'>      and   .£ „ 

by successive approximation according  to Ihe foHaving proce- 
dure. 

Aseuming    ^    =r 0   at the beginnins of the preceding 

impulse (the beginning determined without including the im- 
pact), wo find the velocities cf the balance and the escape 
wheel at the end of an impulse on one of the pallets and then 
their velocities at   Ihe moment of wheel-tooth contact with 
the next pallet in turn. 

14 



Pound in aoccrdanco v/ith  täio 30 velocities are the first 
apprctcimate valuer oi' cobseoaent velocities, by taking vhteh 
irito account  tiie   irapulüß  an^Ie £;.d velocity of väöol and bal- 
ance on the prccodiriß pallet  etc. are refined until  subse- 
quent refinements  no longer appreciably change results. 

Let  us note that ov.in^ to the degree of appraiimtion 
of the classical impact theory used by us, as well as the 
inaccuracy and inconstancy 0^ the  coefficient   of restitution 
K, it is Quite  sufficient to  limit  refinement to ^ust  one 
approximation, 

Vibrs ti on Per iod  of  -die L:. i.•..:: ee 

If v/e desicnate impulse transmission   time,   free rotation 
time and the   time  required tu pass throuyi ancle of departure 
respectively as    t^ ,    t,    and    tr.m,    according to  the  previous- 
ly civ en determination of the vibration period .';3 have 

T=fH + ru + fr"r r(+ t„ + tlr + 2tn,   [See Kote](26) 

where   t        is the  tine the   tooth  is   in contact with the 
pallet during impact,  assumed to bo  identical  on both pal- 
lets. 

[Note]:    Here and hereinufter the indexes  1 and  " 
designate quantities referring to receiving and discharging 
pallet respectively. 

In view  of the comparative smallness of the  quantity 
2 ty^   (appr o&iirately ton-thousandths of a second), ^iven 
T >0.01 sec,  it is quite valid ly disregarded.    In case of 
smaller values of the  pöriou, the  duration of  irirpacts can be 
allowed for by making experimental correction. 

To find  time intervals    t^ ,  lot us solve equation (5). 
Ly double Integra tion wo shall  obtain 

where 
0 /7—, 

(27) 

(26) 

15 



and   ^I'M   IS determinod rrom (7), 

Pree rotation tliao is axprocsed by Tornalas  (8) and 
(9). 

li aocordine to (21) and U2) v;o obtain   (^    < 0   and 

^ t.^0» we siiall finÄ tk® duration of reverse rotation of 
the escape v;heel fro a the equation 

//ä-M/x = o. 

If we   inte^Tate uader   "Hie   initial condition a:    t ~-0; 
CX~0   and     ^ = ^ 0   and under the conditions at the end 

of withdrawal:    t— tQ^;   CX  ~ ^Q-V'* ^-O    ^"th allowance fbr 
(23), we obtain 

for~Afx
C3' (29) 

force in the  comonoct case  in the following fora: 

4-/-K?-^)]r^-(;; + Q + 2^. . (30) 

whore coefficients C1 and C" are found according to  (28), 

Given  little friction on the  balance pivots when one 
can assume li_ —0, 

■/"=4(^-^o)+^(^-,>ö)+^ + T- + i0o + Q + 2/yjl.     (30a) 

If we disrecard friction and impacts, 

16 



'r-7k' (306) 
vjiiör Q 

A =//T(|/^ + FÄr) + i'/T(/^+7^r).(31) 

ConaidOQ.'ed "by way uf oxanple is an escapenGnt regu- 
lator without natural vibrations, invinj pin pallets, with 
the following data: 

/»0.00015 ^-rara nm sec. squared; ^«x'^SG0; ^=0,40[See Note]; 
r-0.39: rc =8018'; ^=12029'; »7 5-1'; % = ü 01'; i' «1.75;   /"= 1.85; 

/;=1.8;   C -2,15;   D' = 0.a6S; ^-0,923; a'« ^-.5.658; a"--f. 4,625; 
A1 = 0; A'-0.5. 

In view of the  lacl; of necessary data the duration of impacts 
v;as not coLipated. 

[Note]:    Since in escapements '..ith pin pallets, prac- 
tically Epealrin^, free rotation rather than impulse transmis- 
sion taiics place in coctoic   of the  impulse alon^r the  pin,  quan^ 
titles    k   and    i    for these are  determined only within the 
range  of the  impulse alone the escape-wheel tooth. 

Tables 1 and 2 present respectively the results  of 
calculating the vibration period  of a balance with and without 
allowance for the effect  of  impacts on vibrations.    Table 3 
shows the post-impciCt velocities of balance and   escape vheel. 
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Table 1 

—r Bxoaiian na.icra ÜMXOJIUII tU.lCTA 2 T ctK     npii A/x .     IMM 

^ •JMM CtK* 

/"                A 

4 IMM eth3 | 
4 25 100 2C0 

10 

5 

2 

1 

0.5 

0,2 * 

10° 14' 

ll^* 

12028' 

12059' 

13024' 

13036' 

0,000153 

0,000157 

0.000167 

0,000184 

0,000219 

0.000323 

9029' 

10o35' 

12002' 

12056' 

\30M' 

13057' 

i 

0,000153  0,02721 

0.000156  0,02843 

0,000160 '0,03255 

0,000182 ;0,0.3591 

0.000213 ;0.O3&91 

0,000308   0,04917 

0.01360 

0.01422 

0,01628 

0,01796 

0.01996 

0,02458 

0.00544 

0.00569 

0,00651 

0,00718 

O.Oitf'jS 

0.00983 

0.00272 

0,0028-1 

0,00325 

0.00359 

O.OO.'jyü 

0,00192 

0.00102 

0.00201 

0,00230 

0.00254 

0,0.i282 

0.00318 

Keys: 

[Translator^ Note]: Syubols nitli Rassian- 
letter sabscrlpts wliich. have previously oc- 
curred in text are listed tela; at  pp. 22-E4 , 

1#    Heceiv ing pallet 

2,    Dis char Ging pallet 

3'    ^sec ß17011 ^K ^see  sa.nca?y list  of sörmtolsJ, 
graa-mi 11 imeter s 

4,    gram-millimeters sec, squared 
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ITable 2 

. IBlJXO.lliaM   I1.I.1CT.I 2Bu.\o.iMaii Hii-icT.i 1    $   T et*   npn ^fx .      IMM 

/x \r ■V 'i ^OT    I       I^OT •'M 4 25             100          200 
1 

10 

5 

2 

1 

0.5 

0,2 

2o40' 

2047' 

20Ö2' 

2O30' 

1024' 

üo01' 

40.12' 

•10Ö2' 

5o00' 

4022' 

2028' 

0o02' 

15026' 

16024' 

17028' 

17021' 

15052' 

1303S' 

3049        0053 

3051    i   GOSS 

3039    ö03l 

205; : 50i-l 

1020   2o3: 

OOQO'' 0o00' 
i 

16022 

17030 

18038 

lbalC 

lÖal(i 

13057 

0,01751 

0,010:5 

0,021.-9 

o,u2i m 

0,01020 

0,010; 1 

O.OOöÜJ 

ö,0!)753 

O,0),S;
I
J 

O.OüftSl 

O.OOo'J^ 

0,00435 

0,0031; 

0.00382 

0,00134 

0,00*39 

0.00350 

0,00226 

0,00245 

0.Ü02C5 

0,00302 

0.00303 

0,002.13 

0,00122 

Aoys: 

[ Itran sla tor ' s iv;ot e j: Sycibo I3 v; ith Rus sian- 
lotter SU'Dscripts which, have previously oc- 
curred in text*are listed below at   pp. 22-24. 

1, Receiving pallet 

2. Dischargins pallet 

3.    TSQC given IL [see suiamary list  or  syntols], 
eram-nillimeter s 
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Tatle 3 

1   B.voatUH n»;icia 2    Buxoditaii na.icia 

1 
"77 3   ^w       "P" Af«»       *** 4 ^    nPM ^x, IMM 

2 25 100 200 4 25      | 100 200 

10 -34.37 -85,93 -171,86 -239.65 -35.24 -88.11 -176.13 -249.01 

5 -28.63 -71,54 -143,09 -202.26 -26.64 -66.58 -133.19 —188.34 

2 -14,23 -35.63 -71.18 -100.66 - 8.48 -21.22 - 42.42 - 59.98 

1 3.52 8,84 17.60 39.64 11.84 29.56 59.19 83.73 

0.2 25,35 63,39 126.90 179.86 35.38 89.73 179.35 250.99 

0,2 58.17 
• 

124,63 249,14 352.38 61.25 153.28 306.55 432.9» 

10 

5 

2 

1 

0.5 

0.2 

5.<   » ll|)H A/x . IMM 

25 100 201) 

6 slrr-     "P"      A'x 
CtK 

IMM 

25 

157,98      201.45   I  78'.).00 

113.79 | 160,15 

72.96 I 115,36 
. I 

•18.18 I 76.20 

25.72 I 40,27 
I 

1.73 I 2.74 

569.10 

364.82 

240.98 

128.70 

8.68 

100 200 

1171.95 188.62 471.32 943,86 

601,98 ]33.'J8 335.03 669.99 

515.87 82.3<( 205.95 411.97 

36(3. <0 52.02 130.03 260,05 

181.95 25,84 61.50 129.18 

12.30 -0.58 -1.37 -2.74 

1334.56 

947,04 

582,46 

367.74 

180.27 

-4.08 

Keys: 

1. 

2. 

[Translator's Note]: Syribols with Russlan- 
letter subscripts vhich have previously oc- 
ourrod in text are listed "belov; at  pp.  22-24, 

Heooivinc pallet 

Dio char ging pallet 

3;   Us l JL Given LI    [see 
•o sec * 
summary list of sym- 
bols], gram-mm 

4.   <f i JL given M    [see 0 sec " x 

summary list of sym- 

5. 

6. 

"boIs],  gram-mm 

, , ■■ given M   [see 
sec x 

summary list of sym- 
to Is ], gram-mm 

1    given M   [see $1 sec 
summary  list of sym- 
bols], gram-mm 
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From t J1e rc;;wlts presented wa can dr avJ 'the ibll0~1ing 
basic co nc lus ions. 

1. Impacts a.'1d the resultent recoils of the escape 
v1hee1 if I> Ix cause an in~ea se in the vibrat ion period, 

but a decrease if I< Ix~ 
2. The vi brat ion period of the balance is relatively 

sliehtly de pendent upon the re:Lat ion be iTJean the reo mnt or 
inertia of the .ba.J.4l,nce and the r s duced noo erri· o:f i nertia of 
th6 escape uheel. \'Jith the greatest r:1.a ·:n i tu.d e of tho vibra­
tion period being o.btained s iven . I~ Ix~ 

~. The vibration pericd of a b .:. l ... nc6 t ith ont restor­
ing force depends in sr~t measure upon ang, lar momentum. 

4. The error in tha dete li!li! a t ion of lih e period if 
iopacts-are disregarded emcunts to (2,)-:o,,>) 0 iven I~ Ix• 
and may fP as hi tfl1 as 5~j or IrDre give n I< JX. ':!?his mu.s t 
be borne in mind in des iUl i nc; clock\'JCJ:ks ·;ith a l:ulky ooeel 
system~ 
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ki :.kademii Nauk SS SR Collected ~gineerinb l?a:pers of the 
!ristitute of UeChanlcs, Academy of Sciences USSR), Vol. 16, 
1953. 

3~ Drozdov • F. V., Detali ;pii borov ( Instrll.Ill6n t Parts), 
State Pu.b1i sbing House of Scientific and 'technical Defense 
Lit et-ature, 1948~ 
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Symbol 

Su.Ta'scrlpt 

u 
T 

LI 

M 

tüT 

OOJC 

yA 

SU:.l-JulY LIST CF ZT/SÜZS  V-ITxi 
RUSSIAK-ISraiÄ C'JECCRIPTS, 

Latin Sy.iLols 

Sroanslon & 
il'anslat Ion 
oi1 ^jabscri^t 

^eaniA^ o^ Uyi-ibol 

"b ["balans;   "bal-   Reduced moment  of in- 
ance] 

]äx [liiodovoye 
koleco; escape 
\vlieel] 

crtia of the balance 

Llonsnt  of inertia of 
the train (wheel 
trancmission) reduced 
to the a::is  of the 
escape wheel 

b Cbalans; bal-   Honentan acting upon 
ancc] 

T [treniye; 
friction] 

kh [Lhodovoye 
koleso; escape 
wheel] 

kh [Miodovoyo 
koleso; escape 
who el ] 

b Cbalans;  bal- 
ance] 

the balance 

Friction torque 

Angular momentum on 
a::is of escape wheel 

lernen turn from the bal- 
ance acting upon the 
escape wheel 

i [impal's;   im-    Impulse transmission 
pulse] 

ot [otkhod; 
departure, with- 
drawal] 

s Csvobodnoyo; 
free] 

sei: [sekunda; 
second] 

ud Cadar;  im- 
pact] 

tii 10 

Time required to pass 
through angle of de- 
parture 

Free motion time; 
free rotation time 

T sec 

Time the wheel tooth 
is in contact with 
pallet during impact 

First  Oc- 
currence 

P.  6 

P. 4 

P. 4 

P. 4 

P.  4 

P.   4 

P. 15 

p. 15 

p. 
p. 

6 
15 

p. 18 

p. 15 
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S~rmbo 1 
& 

Su.bs cr ipt 

Greek SylJbo l s 

..:...XJE!ns ion _c% 
'l'i'unslntion 
"of f.iubsc:cipt 

ot (otkbod; de­
par'ture) 

s [ svo bo dnyy; 
free] 

k [ koleso; 
\'!heel J 

i [impu.l's; i m­
:r;:u lse) 

ot [ot' ~ loc!; 
,:11th dr awal ) 

s [svobodn~ry; 
free] 

s ( s'l:ho dnyy; 
tree] 

b [ba lens ; bal­
ance] 

s [svobodnyy; 
free] 

k [koleso; 
whee 1) 

v (vstrecha; 
contact, impact) 

1 ( 1!ilP.1..l 1 S; i!J­
pulm] 

u. [udar; im­
ps ot • oo nta ct ) 

Angle of departure 

.A n ~1a of :f r ee r ota­
tion of esca_ e vme el 

:msle of rotat ion of 
the bal enc e dur int:, en 
im:gu.lse 

An3J.e of rotation ot 
t h :s · ba lane e d ur ins 
ni t hdra·:Ja.... of the 
e::wa _XJ •:1he e 1 

. ng_e OI free rota­
tion 

? rt of ar.Gle of free 
rota tion trav ale d by 
t:.~.o balance 

?art ot angle c,f free 
rotation traveled by 
t..1.e a sou pa '·me el 

Velocity of esca:pe 
\·meal after contect 
·:Ji th bulanc e 

Velocity ct escape 
\wha el at end of im­
pu.lse 

Velocity ot esce.pe 
rlhe el at mP IIBnt ot 
contact with balance 

23 

Fi1:st Oc­
currence 

P. 13 

P. 7 

IJ . 6 

!'. 13 

P. 3 

P 
I'] 

• u 

p. 10 

P. 6 

P. 10 



Syiufro 1 

Sät's orlpt 

P. 

fA\ 

üx^ansion w 

r^ 

?: XM 

^ 

•<- H 

^ 

i'ranslatlon 
of uatscyiiot 

i mm   I 

TD Cbalans; bal- 
ance] 

t ["balans; "bal- 
ance] 

i C imp ulf s ; im- 
pulse ] 

Idi [liiocovoyo 
koleco;  escape 
wheel] 

kh [liiodovoye 
koleso ; osca pe 
vjheel] 

i Cidpul's;   in- 
pulse ] 

v [vstreclia; 
contact,  impact] 

i Ciiapul's; im- 
pulse] 

u Cudar;  im- 
pact,   contact] 

Meaninf:  of Syi.i3:ol 

Dictaaco fron a::is of 
rotation  of balance 
to  line   of impact 

Distance fron center 
of "balance to the 
general normal to aur- 
facos of inpulces of 
tooth  and  pallet at 
the noaont wicn im- 
pulse  tranemission 
ceases 

Distanc e  from a::is of 
rotaxioa of escape 
wheel to   lino  of im- 
pact v;ith balance 

Distance f 1*011 center 
of viieol to the cQn- 
cral norual to sur- 
faces of impulses of 
tooth  and pallet at 
the  aeme.it when im- 
pulse transmission 
ceases 

?ost-impact velocity 
of "balance  (after   con- 
tact with  escape 
wheel) 

Velocity  of balance 
at the end   of impulse 

Velocity   of balance 
at  the moiüent of con- 
tact with wheel 

First Oc- 
cur ranee 

P. 10 

P.  7 

P. 10 

P.   7 

P. 10 

P.  6 

P. 10 
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